Abstract
INTRODUCTION
Nephrotic syndrome (NS) is a chronic childhood illness characterized by heavy proteinuria, hypoalbuminemia and oedema. About 80%-85% of the patients with NS shows initial response to corticosteroids and labeled as steroid sensitive nephrotic syndrome (SSNS). Remaining 15%-20% of the patients, who do not respond to steroid therapy are labeled as steroid resistant nephrotic syndrome (SRNS) [1] . About 40%-50% of patients with SSNS have either frequent relapses (FRNS) or steroid dependent (SDNS) courses leading to prolonged course of illness. Relapses are associated with an increased risk of complications such as sepsis, thrombosis, dyslipidemia and malnutrition [2] . Although, relapses can be successfully treated with corticosteroids, repeated usage of high dose corticosteroids lead to significant side-effects like avascular necrosis of hip, hypertension, diabetes and behavioral disorders [3] . Relapses of NS often follow minor infections of the upper respiratory (URI) or gastrointestinal tracts, and the estimated frequency is around 50%-70% among children in developing countries [4, 5] . Other infections such as urinary tract infection, diarrhea, peritonitis and skin infections have also been implicated as triggers for relapse [6] . Several theories like cytokine release, immune dysfunction, increased glomerular permeability, and podocytopathy are proposed, but none of them is conclusive [4, [7] [8] [9] .
A number of interventions have been tried to prevent/ decrease relapses in NS. Relapses are significantly reduced when daily corticosteroids are given during onset of viral URIs [10, 11] or when the maintenance doses of corticosteroids are increased at the onset of viral URIs [12] . Studies have shown that zinc supplementation reduces relapses in children with SSNS [5, 13] . It is proposed that zinc deficiency might lead to down-regulation of T-helper 1 (Th1) cytokines, a relative T-helper 2 (Th2) bias, and an increased risk of infection [14, 15] . As a result, zinc supplementation augments the gene expression for IL-2 and IFN-γ, thereby restoring the Th1 immune response [16] . Since, the Th1-Th2 cytokine imbalance is also believed to result in relapses of SSNS, it was proposed that the benefits of supplementation in these patients may be associated with its ability to rectify the immune defect [5] . In the present systematic review, we tried to found the role of zinc supplementation as an adjunct to standard therapy in childhood NS. To evaluate the efficacy and safety of zinc in preventing relapses in childhood NS, steroid sensitive and steroid dependent/ frequent relapsing.
MATERIALS AND METHODS
The review has been registered at the PROSPERO register: CRD42015026456.
Types of studies
Randomized controlled trials (RCTs) and quasi RCT's comparing zinc with placebo or no additional intervention with ≥ 80% follow-up (to reduce the risk of attrition bias in the included studies in case intention-to-treat analysis has not been done).
Types of participants
Children of 1 to 18 years of age with frequently relapsing or steroid dependent NS were included. Studies including children with first episode NS, secondary NS, impaired renal function, SRNS, congenital NS, serious (peritonitis, Pnumonia, cellulitis) or active infections, leucopenia, thrombocytopenia, and severe anemia were excluded.
Types of intervention
The intervention group received oral zinc supplementation regardless of the dosage and type and the control group received standard therapy alone or an oral supplementation without zinc in adjunct to standard therapy for NS.
Types of outcome measures
Steroid sensitive NS.
Primary outcomes: Frequency of relapses in 12 mo.
Secondary outcomes:
Frequency of relapses in 6 mo; risk of relapse per year; risk of infection associated relapse per year; cumulative dose of steroids in two groups; mean length of time to next relapse; adverse effects of therapy; change in serum zinc levels. [("zinc"/exp or "zinc" or "zinc phosphate"/exp or "zinc phosphate") and ("child"/exp or "infant"/exp or "school child"/exp or "preschool child"/exp or "toddler"/exp) and ("NS"/exp or "congenital NS"/exp or "kidney disease"/ exp)] and ("randomized controlled trial"/exp or "controlled clinical trial"/exp or "clinical trial"/exp). We also searched the major Pediatric nephrology scientific meetings and contact the authors involved in previous studies for any unpublished work. 
Steroid dependent/frequent relapsing NS

Data extraction
Data extraction was done using a pilot tested data extraction form. Two authors independently extracted data including author, year, study setting, type of population, exposure/intervention (dose of steroid, duration), results (outcome measures, effect, significance), and sources of funding/support. Any disagreement in the extracted data was resolved through discussion with the third author.
Risk of bias (quality) assessment
Two review authors independently assessed the methodological quality of the selected trials by using Cochrane risk of bias tool [17] .
Grade of evidence
For assessment of the quality of evidence we used GRADE Profiler software (version 3.2) [18] . The software uses five parameters for rating the quality of evidence. The parameters used were -limitations to design of randomized controlled trials, inconsistency of results or unexplained heterogeneity, indirectness of evidence, imprecision of results, and publication bias. The rating was done as -no, serious, and very serious limitation.
Statistical analysis
The data from various studies was pooled and expressed as mean difference (MD) with 95%CI in case of continuous data, and odds ratio with 95%CI in case of categorical data. P-value < 0.05 was considered significant. Assessment of heterogeneity was done by I 2 statistics. If there is a high level heterogeneity (> 50%), we tried to explore the cause. A fixed effects model was initially conducted, and if significant heterogeneity existed between the trials, potential sources of heterogeneity were considered and where appropriate, a random effects model was used. RevMan (Review Manager) version 5.2 was used for all the analyses.
RESULTS
Description of the studies
Of 56 citations retrieved, full text of 7 articles were assessed for eligibility ( Figure 1 ). Out of these, a total of 6 RCTs were included [5, 13, 19, 20] , actually 2 RCTs evaluated both SSNS/FRNS, and SSNS/SDNS [5, 19] . Out of these, 2 were conference abstracts [19, 20] . We contacted the authors of these abstracts for providing the details but no reply was given, so we included data given in the abstracts only. The detailed characteristics of trials have been described in Table 1 . Out of the 4 trials, 2 were conducted in India, 1 in Pakistan, and 1 in Philippines. Five trials included a total of 256 children [SSNS = 2 trials (100 children); SDNS/FRNS = 4 trials (156 children)] of 1 to 18 years age (excluding neonates < 1 mo). The dose of zinc used was 10 mg/d for a period of 12 mo in one trial [5] , and 6 mo in another trial [13] . In other 2 trials, one used 20 mg/d zinc for 2 wk starting at the onset of an episode of acute infection [19] , and another used zinc at the recommended daily allowance dose [20] .
Risk of bias in included studies
Effect of Interventions: (1) steroid sensitive NS: Primary outcome measure: Frequency of relapses in 12 mo: This was reported in 1 out of the 2 trials [5] . The Bhatt GC et al . Zinc in childhood NS mean relapse rate was lower in the zinc group (1.0 ± 1.16) compared to the placebo group (1.2 ± 1.11), the pooled effect size showing 20% reduction that was not significant (MD = 0.2; 95%CI: 0.71-0.31); (2) secondary outcome measure: Frequency of relapses in 6 mo: This was reported in two trials [5, 20] . The result could not be pooled as the data was not provided in 1 trial [19] . In one trial, the mean relapse rate was lower in the zinc group (0.49 ± 0.79) compared to the placebo group (0.68 ± 0.92), the pooled effect size showing 19% reduction (MD = 0.19; 95%CI: 0.57-0.19; P > 0.05). In another trial, there was significant decrease in the frequency of relapse in the zinc group [20] ; risk of relapse per year: This was reported in 1 out of the 2 trials [5] . The zinc group had a 31% lower risk of relapse (RR = 0.69, 95%CI: 0.45-1.07; P > 0.05) compared to the placebo group; risk of infection associated relapse in 12 mo: This was reported in one trial, but the data was not provided; cumulative dose of steroids in two groups: This was not reported in any of the trials; mean length of time to next relapse: This was reported in one trial [5] . There was a non-significant decrease in the length of time (mo) to next relapse in the zinc group compared to the placebo group (7.9 vs 6.4; P > 0.05); adverse effects of therapy: A mild adverse event in the form of metallic taste was reported in three subjects in one trial [5] ; change in serum zinc levels: One trial provided this information [5] . At enrollment, 5 children (zinc = 2; placebo = 3) were zinc deficient, but at 12 mo none was zinc deficient.
Steroid dependent/frequent relapsing NS: (1) primary outcome measure: Frequency of relapses in 12 mo: This was reported in 3 trials [5, 13, 19] , however the result could be pooled from 2 trials [5, 13] . There was decreased frequency of relapses in the zinc group compared to the placebo group (MD = 0.17; 95%CI: 0.39-0.04; P = 0.11) ( Figure 2) ; (2) secondary outcome measure: Frequency of relapses in 6 mo: This was reported in 2 trials [5, 19] . The result could not be pooled as the data was not provided in 1 trial [19] . In one trial, the mean relapse rate was lower in the zinc group (0.52 ± 0.0) compared to the placebo group (0.68 ± 0.8), the pooled effect size showing 16% reduction (MD = 0.16; 95%CI: 0.6-0.3; P > 0.05). In another trial, there was significant decrease in the frequency of relapse in the zinc group [19] ; sustained remission/no relapse: This was reported in 2 trials [5, 13] . The zinc group had a higher chance of going into sustained remission/no relapse compared to the compared to the placebo group (RR = 1.42; 95%CI: 0.99-2.05; P = 0.06) ( Figure 3) ; proportion of infection episodes associated with relapse: This was reported in one trial [19] . The risk was lower in the zinc group (0.16) compared to the placebo group (0.33) (P = 0.012); cumulative dose of steroids in two groups: This was not reported in any of the trials; mean length of time to next relapse: This was not reported in any of the trials; adverse effects of therapy: A mild adverse event in the form of metallic taste was reported in three subjects in one trial [5] , and in 10% of children in another trial [13] ; change in serum zinc levels: Two trials provided this information [5, 19] . None were zinc deficient at 12 mo. 
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Ref.
Setting, country Participants Intervention
Outcomes measured Comments
Arun et al [5] Hospital (outpatient), India [12] Hospital (outpatient), Pakistan [18] Hospital (outpatient), India 
Bhatt GC et al . Zinc in childhood NS
Publication bias
We could not assess publication bias in the included trials because of fewer numbers.
Grade of evidence
The evidence generated was of "very low quality" for following outcomes under SDNS/FRNS the result of which could be pooled: Frequency of relapses in 12 mo, and sustained remission/no relapse (Tables 2 and 3 ).
DISCUSSION
Summary of evidence
After an extensive search of the literature we could find 6 trials to be eligible for inclusion. Our result indicates that, for steroid sensitive NS, zinc reduces the frequency of relapses in 12 mo and 6 mo, risk of relapse per year, mean length of time to next relapse with a mild adverse event in the form of metallic taste. For steroid dependent/frequent relapsing NS, zinc reduces the frequency of relapses in 12 mo and 6 mo, induces sustained remission/no relapse, reduces the proportion of infection episodes associated with relapse with a mild adverse event in the form of metallic taste. When we constructed the GRADE of evidence from the available evidence, it was found to be of "very low quality". The mechanism by which zinc is helpful as an adjunct in the treatment of childhood NS is not clear. The pathogenesis of childhood NS (e.g., SSNS, SDNS, FRNS) and the basis for relapses triggered by various infections are also unclear. There is evidence from the literature that a perturbed immune dysfunction (e.g., elevated levels of IgE and up-regulation of IL-4 and IL-13 suggest a Th2 cytokine bias [14, 15] . There have been studies that show a lower blood level of zinc in childhood NS [21] . Moreover, children from developing country setting are more prone for zinc deficiency. Zinc deficiency might lead to downregulation of Th1 cytokines, a relative Th2 bias, and increased risk of infections [14, 15] . Data from various reports suggest that zinc has a therapeutic role in diarrhea and respiratory infections [22, 23] . As infections are most common inciting condition leading to relapse in childhood NS, it is believable that that zinc supplementation would reduce the frequency of infections and thereby relapses. The present evidence is also in accordance with this.
Limitations
Most outcomes were reported in single trials, so result could not be pooled except from few. The evidence generated was of "very low quality" (the result could be pooled for only two outcomes, high chance of publication bias, some trial also having moderate to high risk of bias because of the methods of blinding/allocation concealment). As the dose range varied among the trials, we could not determine an optimal therapeutically effective dose of zinc. No trial was conducted in a developed country setting, so it is difficult to make any generalized recommendation to all parts of the world.
Future area of research
More trials including a larger sample of children with FRNS or SDNS are needed in order to strengthen the evidence. A uniform dose of zinc as well different dose should be studied to find any optimal therapeutic benefit. Trials should also report about the costbenefit ratio. The therapeutic effect of zinc in different subgroups of children should also be studied. The effect of zinc supplementation should be correlated with the immunological markers to strengthen the evidence or recommendation in this regard. In conclusion, zinc may be a useful additive in the treatment of childhood NS. The evidence generated mostly was of "very low-quality". We need more good quality RCTs in different country setting as well different subgroups of children and disease subtype before any firm recommendation can be made.
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COMMENTS
Background
Relapses in childhood nephrotic syndrome (NS) increase morbidity and mortality. Studies have shown that zinc supplementation reduces relapses in children with steroid sensitive NS. It is proposed that zinc deficiency might lead to down-regulation of T-helper 1 (Th1) cytokines, a relative T-helper (Th2) bias, and an increased risk of infection. The later commonly leading to relapse in childhood NS. Zinc supplementation restores Th1-Th2 imbalance and may decrease relapse. The primary aim of this review is to evaluate the efficacy of zinc in preventing relapses in childhood NS (steroid sensitive and steroid dependent/frequent relapsing). The second aim is to evaluate the safety of above intervention in the prevention of relapses in childhood NS.
Research frontiers
About 80%-85% of children with NS shows initial response to corticosteroids (SSNS), and remaining 15%-20% who do not steroid resistant NS. About 40%-50% of patients with SSNS have either frequent relapses or steroid dependent courses leading to prolonged course of illness. Relapses often follow infections (e.g., respiratory, gastrointestinal, urinary infections). Several theories like cytokine release, immune dysfunction, increased glomerular permeability, and podocytopathy are proposed, but none of them is conclusive. A number of interventions have been tried to prevent/decrease relapses. Studies have shown that zinc supplementation reduces relapses in childhood NS.
Innovations and breakthroughs
Zinc supplementation has been shown to reduce relapses in childhood NS. It is proposed that zinc deficiency might lead to down-regulation of Th1 cytokines, a relative Th2 bias, and an increased risk of infection. Zinc supplementation probably corrects the underlying immune imbalance and decreases relapse. Retrieved papers (clinical trials) concerning the utility of zinc were reviewed by the authors, and the data were extracted using a standardized collection tool.
Applications
This review suggests that zinc may be a useful additive in the treatment of childhood NS. The evidence generated mostly was of "very low-quality". We need more good quality randomized trials in different country setting as well different subgroups of children and disease subtype before any firm recommendation can be made.
Terminology
Steroid sensitive NS: Remission is achieved within 4 wk of steroid therapy. Relapse is defined as urinary protein excretion 3+/4+ on reagent strip or proteinuria > 40 mg/m 2 per hour for 3 consecutive days in patient who had previously been in remission (urine albumin trace or nil or proteinuria < 4 mg/m 2 per hour for 3 consecutive days). Frequent relapse is defined as ≥ 2 relapses in 6 mo of initial response or > 3 relapses in 12 mo. For the treatment of relapse, the patient is initially put on daily corticosteroids till remission and then on alternate day steroids. Steroid dependent NS: 2 consecutive relapses while on alternate steroids or within 14 d of its discontinuation. Frequent relapse NS: ≥ 2 relapses in 6 mo of initial response or > 3 relapses in 12 mo.
Peer-review
In this systematic review, the authors have presented a thorough and critical analysis of the utility of zinc supplementation in prevention/decrease of the frequency of relapses in childhood NS. Frequency of relapses in 6 mo
The mean frequency of relapses in 6 mo in the control groups was 16%
The mean frequency of relapses in 6 mo in the intervention groups was 0.16 lower (0.6 lower to 0. Allocation concealment not clear in one study; 4 The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95%CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%CI). CI: Confidence interval; RR: Risk ratio; GRADE: Working Group grades of evidence; high quality: Further research is very unlikely to change our confidence in the estimate of effect; moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; very low quality: We are very uncertain about the estimate.
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